Rothia dentocariosa and Rothia mucilaginosa, which are opportunistic pathogens that are capable of causing serious infections, inhabit the oral cavity. However, there is no suitable method for assessing the prevalence of Rothia species in the oral cavity. In this study, four polymerase chain reaction(PCR)primers were designed based on partial sequences of the 16S rDNA genes of the abovementioned oral Rothia species. These primers react to the oral Rothia species and did not react to other Rothia species except Rothia aeria. Moreover, representative non-Rothia oral bacteria displayed negative reactions to these primers.
Introduction
The genus Rothia was proposed by Georg & Brown(1), with Rothia dentocariosa being used as the type species.
Historically, this taxon was classified within the family Actinomycetaceae because of its morphological characteristics (2) . However, after performing phylogenetic and other analyses Stackebrandt et al. (3) transferred it to the family Micrococcaceae. Rothia dentocariosa had long been known to display phenotypic heterogeneity (4, 5, 6) , and the existence of a second Rothia genomovar was proposed by Kronvall et al. (7) . However, R. dentocariosa was considered to be the only species of this genus until Collins et al. (8) validly described a novel species(R. nasimurium)and
reclassified Stomatococcus mucilaginosus as Rothia mucilaginosa. Currently, the genus Rothia encompasses six species with validly published names: R. aeria, R. amarae, R. dentocariosa, R. mucilaginosa, R. nasimurium, and R. terrae.
Rothia species are Gram-positive, and their cells display a coccoid, coccobacillary, or filamentous appearance. Of the six Rothia species, only R. dentocariosa and R. mucilaginosa, which inhabit the oral cavity and pharynx, are found in humans (2, 8) . R. dentocariosa and R. mucilaginosa have been identified as opportunistic pathogens and can cause septicemia, endocarditis, and other serious infections (9) (10) (11) (12) (13) (14) .
Although conventional biochemical assays are used to identify Rothia species, they are often imprecise due to the phenotypic variation displayed by these bacteria (4, 5, 6) . Sequence analysis of several target genes is the most reliable method. However, this is expensive, laborious, and time-consuming. Thus, a simple and more reliable assay for identifying Rothia species is required.
The purpose of the present study was to design primers for identifying oral Rothia species using multiplex PCR.
Material and Methods

Bacterial strains and culture conditions
The following bacterial strains were used in this study: R. dentocariosa JCM 3067, R. dentocariosa NUM-Rd6020, R. 
Results
Primer design
In the present study, four specific primers covering the upstream regions of the 16S rDNA sequences of oral Rothia species were designed (Fig. 1) . The specific forward primers were designated as RDF for R. dentocariosa and as RMF for R. mucilaginosa, whereas the specific reverse primers were designated as RDR for R. dentocariosa and as RMR for R. mucilaginosa. The amplicon sizes of R. dentocariosa and R. mucilaginosa were 202 bp and 360 bp, respectively.
Multiplex PCR 1)Detection limit
Our multiplex PCR method for identifying oral Rothia species successfully amplified DNA fragments of the expected size for each species (Fig. 2) . The detection limit was determined in the presence of titrated bacterial cells, and the sensitivity of the PCR assay was found to be between 5 × 10 5 and 5 × 10 6 CFU per ml for the R. dentocariosa specific primer set with strain JCM 3067 and between 5 × 10 3 and 5 × 10 4 CFU per ml for the R. mucilaginosa specific primer set with strain JCM 10910.
2)Assay of non-oral Rothia species
The two primer sets did not produce any amplicons from the non-oral Rothia species except R. aeria (Fig. 3) .
3)Assay of representative oral bacteria
The R. dentocariosa and R. mucilaginosa strains both produced positive bands. As representative oral bacteria, some streptococci, Actinomyces, Neisseria, Aggregatibacter, and staphylococci were subjected to PCR using the designed primer sets. However, no amplicons were produced from any of the representative oral bacteria (Fig. 4 ) .
Discussion
Members of the genus Rothia are non-sporulating, nonmotile, facultative anaerobic gram-positive cocci that form irregularly arranged cell groups as well as tetrads, diploids, or short chains of cells. Their colonies display a smooth, convex, white, or transparent appearance, and each colony is surrounded by a diffuse halo. R. dentocariosa and R. mucilaginosa are part of the normal flora in the human oral cavity and pharynx (2, 8) . Although these species are considered to have low virulence, immunocompromised patients are often infected by these pathogens, leading to endocarditis, sepsis, peritonitis, meningitis, and infections associated with tissue and organ transplantation (9 -16) .
The involvement of these organisms in oral infections has attracted little attention, and the prevalence of oral Rothia species in the oral cavity has not been fully clarified because of the difficulty of identifying them. In this study, we designed species-specific primers for detecting oral Rothia species using a multiplex PCR method.
These primers were able to distinguish each oral Rothia species and did not display cross-reactivity with representative oral bacteria or other Rothia species except R. aeria.
Moreover, our multiplex PCR method is easy, since the use of MightyAmp DNA Polymerase Ver. 2(Takara)means that DNA extraction can be avoided, and species identification using this method only takes about 2 hours. Thus, we hope that our method will allow the prevalence of oral Rothia species and their involvement in oral infections to be fully clarified in future studies.
